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FIELD OF THE INVENTION 

This invention relates to a method and apparatus for treating oropharyngeal disorders. In 
^particular, the present invention relates to a method and apparatus for treating oropharyngeal 
disorders by providing neuromuscular electrical stimulation to a patient's pharyngeal region. 

BACKGROUND OF THE INVENTION 

Asymptomatic and symptomatic oropharyngeal disorders can lead to an inability to swallow or 
to difficulty in swallowing. These disorders may be caused, for example, by neurodegenerative 
diseases, strokes, brain tumors or respiratory disorders. 
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Swallowing is a complicated action whereby food is moved from the mouth through the pharynx 
and esophagus to the stomach. The act of swallowing may be initiated voluntarily or reflexively 
but is always completed reflexively. The act of swallowing occurs in three stages and requires 
the integrated action of the respiratory center and motor functions of multiple cranial nerves, and 
the coordination of the autonomic system within the esophagus. In the first stage, food or some 
other substance is placed on the surface of the tongue. The tip of the tongue is placed against the 
hard palate. Elevation of the larynx and backward movement of the tongue forces the food 
through the isthmus of the fauces in the pharynx. In the second stage, the food passes through 
the pharynx. This involves constriction of the walls of the pharynx, backward bending of the 
epiglottis, and an upward and forward movement of the larynx and trachea. Food is kept from 
entering the nasal cavity by elevation of the soft palate and from entering the larynx by closure 
of the glottis and backward inclination of the epiglottis. During this stage, respiratory 
movements are inhibited by reflex. In the third stage, food moves down the esophagus and into 
the stomach. This movement is accomplished by momentum from the second stage, peristaltic 
contractions, and gravity. 

Although the main function of swallowing is the propulsion of food from the mouth into the 
Stomach, swallowing also serves as a protective reflex for the upper respiratory tract by 
removing particles trapped in the nasopharynx and oropharynx, returning materials to the 
stomach that are refluxed into the pharynx, or removing particles propelled from the upper 
respiratory tract into the pharynx. Therefore, the absence of adequate swallowing reflex greatly 
increases the chance of pulmonary aspiration. 
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In the past, patients suffering from oropharyngeal disorders have been subjected to dietary 
changes or thermal stimulation treatment to regain adequate swallowing reflexes. Thermal 
stimulation involves immersing a mirror or probe in ice or another cold substance and 
stimulating the tonsillar fossa with the cold mirror or probe. Upon such stimulation, the patient 
is directed to close his mouth and attempt to swallow. While dietary changes and exercise 
rehabilitation using thermal stimulation may be effective for treating oropharyngeal disorders, 
- some patients may require weeks or months of therapy. It is also difficult to distinguish patients 
, who require such treatments from patients who recover spontaneously. 

Muscle fibers are generally characterized as Type I or Type II, depending on their contraction 
rate, endurance, resistance to fatigue and other characteristics. Type I muscle fibers are 
characterized by slow contraction rates, high endurance, slowness to fatigue and low power. In 
contrast, Type II muscle fibers are characterized by fast contraction rates, low endurance, 
quickness to fatigue and high power. All muscles contain both types of fibers, and several of the 
muscles involved in swallowing contain a higher proportion of Type II fibers. It is believed that 
the high speed and dynamic and forceful action of the swallow are due to this preponderance of 
Type II fibers. 

Most conditions treated in therapy are characterized by a degree of disuse atrophy. Disuse 
atrophy refers to changes in the muscle after a period of immobilization or reduced activity. The 
most obvious change is a decrease in the cross-sectional area of the muscle belly, with Type II 
fibers being affected to a greater degree than Type I fibers. Swallowing musculature shows these 
typical changes with disuse, but the impact on these muscles is relatively great since the overall 
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percentage of Type II fibers is higher. During exercise rehabilitation, Type I fibers are 
contracted first, whereas the larger sized Type II fibers are involved only when the effort 
increases. Consequently, Type I fibers receive the most benefit from exercise rehabilitation. On 
the other hand, during electrical stimulation, Type II fibers are the first to contract, whereas Type 
I fibers contract only later when the pulse width and intensity are raised above a certain 
threshold. Consequently, electrical stimulation preferentially trains Type II fibers. 

, Neuromuscular electrical stimulation (NMES) has been used to alleviate pain and stimulate 
nerves, as well as a means for treating disorders of the spinal cord or peripheral nervous system. 
Neuromuscular electrical stimulation (as well as electrical muscle stimulation) has further been 
used to facilitate muscle reeducation and with other physical therapy treatments. In the past, 
neuromuscular electrical stimulation or electrical muscle stimulation were not indicated for use 
in the neck because of concerns that the patient could develop spasms of the laryngeal muscles, 
resulting in closure of the airway or difficulty in breathing, and/or because of concerns that the 
introduction of electrical current into the neck near the carotid body would cause bradycardia and 
consequent hypotension. 

More recently, neuromuscular electrical stimulation has been used to stimulate the recurrent 
laryngeal nerve to stimulate the laryngeal muscles to control the opening of the vocal cords to 
overcome vocal cord paralysis, to assist with the assessment of vocal cord function, to aid with 
intubation, and other related uses. Generally, there have been no adverse reactions to such 
treatment techniques. However, neither neuromuscular electrical stimulation nor electrical 
muscle stimulation have been used in the treatment of oropharyngeal disorders to promote the 
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swallowing reflex, which involves the integrated action of the respiratory center and motor 
functions of multiple cranial nerves. 

It would be desirable if a simple, non-invasive method and device could be provided for treating 
oropharyngeal disorders and promoting swallowing in an effective manner within a relatively 
short treatment period. 

. ADVANTAGES OF THE INVENTION 

Among the advantages of the invention is that it provides a simple, non-invasive method and 
apparatus for treating oropharyngeal disorders and promoting swallowing by providing electrical 
stimulus to the pharyngeal region of a human patient. 

Additional advantages of this invention will become apparent from an examination of the 
drawings and the ensuing description. 

EXPLANATION OF TECHNICAL TERMS 

"As used herein, the term "electrical muscle stimulation" refers to the use of electrical stimulation 
for direct muscle activation of denervated muscle fibers in the absence of peripheral innervation. 

As used herein, the term "neuromuscular electrical stimulation" refers to the use of electrical 
stimulation for activation of muscles through stimulation of the intact peripheral motor nerves. 
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As used herein, the term "pharyngeal region" refers to the anterior portion of the neck bounded 
on the upper side by the mandible and on the lower side by the clavicles and the manubrium of 
the sternum. 

SUMMARY OF THE INVENTION 

The invention comprises a method for treating an oropharyngeal disorder in a patient by 
electrical neuromuscular stimulation. According to this method, a plurality of electrodes are 
selectively placed in electrical contact with tissue of a pharyngeal region of the patient, and a 
pulse generator is provided for generating a series of electrical pulses, each of which comprises a 
biphasic symmetrical waveform with an interval between the two phases. A plurality of 
electrodes are attached to the pulse generator so that the series of electrical pulses may be 
provided to the patient through the plurality of electrodes, and a series of electrical pulses, each 
of which comprises a biphasic symmetrical waveform with an interval between the two phases, 
is generated. The series of electrical pulses is provided or transmitted to the patient through the 
plurality of electrodes. 

The invention also comprises an apparatus for generating a series of electrical pulses, each of 
which pulses comprises a biphasic symmetrical waveform with an interval between the two 
phases, for application of electrical neuromuscular stimulation to a patient through a plurality of 
electrodes for treatment of oropharyngeal disorders. The apparatus comprises a pulse generator 
which includes an intensity control circuit for regulating the series of electrical pulses such that 
the intensity of the electrical pulses does not exceed a predetermined value, a frequency 
controller for controlling the frequency at which the series of electrical pulses is generated so 
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that such pulses are generated at a predetermined frequency, and a duration control circuit for 
controlling the duration of each such electrical pulse. 

A preferred apparatus for treating oropharyngeal disorders according to the present invention 
also includes a first pair of electrodes and a second pair of electrodes. This preferred apparatus 
includes a first pulse generator that is adapted for generating a first series of electrical pulses 
(each of which comprises a biphasic symmetrical waveform with an interval between the two 
phases) for output through a first channel and the first pair of electrodes, and a second pulse 
generator that is adapted for generating a second series of electrical pulses (each of which 
comprises a biphasic symmetrical waveform with an interval between the two phases) for output 
through a second channel and the second pair of electrodes. The first pulse generator of this 
preferred embodiment also includes a first intensity control circuit for regulating the series of 
electrical pulses for output through the first channel such that the electrical current does not 
exceed a first predetermined value, and the second pulse generator includes a second intensity 
control circuit for regulating the series of electrical pulses for output through the second channel 
such that the electrical current does not exceed a second predetermined value. Each of the 
preferred pulse generators of this embodiment also includes a frequency controller for 
controlling the frequency at which the series of electrical pulses is generated by the pulse 
generator so that such pulses are generated at a predetermined frequency, and a duration control 
circuit for controlling the duration of each such electrical pulse. 

In a preferred embodiment of the invention, each of the electrodes includes a snap eyelet, a 
conductive film and an adhesive and conductive gel layer. The snap eyelet has a first side and a 
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second side, and the second side has a connector to which a lead wire may be attached. The 
conductive film is attached to the first side of the snap eyelet, and the adhesive and conductive 
gel layer is attached to the conductive film and adapted to be attached to the skin of the patient. 
The preferred embodiment of the invention also includes at least one adhesively backed tape 
overlay for securing the electrodes to the skin of the patient. 

In order to facilitate an understanding of the invention, the preferred embodiments of the 
invention are illustrated in the drawings, and a detailed description thereof follows. It is not 
intended, however, that the invention be limited to the particular embodiments described or to 
use in connection with the apparatus illustrated herein. Various modifications and alternative 
embodiments such as would ordinarily occur to one skilled in the art to which the invention 
relates are also contemplated and included within the scope of the invention described and 
claimed herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The presently preferred embodiments of the invention are illustrated in the accompanying 
drawings, in which like reference numerals represent like parts throughout, and in which: 

Figure 1 is a schematic diagram of a preferred electrical neuromuscular stimulator according to 
the present invention for use in treating dysphagia and other oropharyngeal disorders. 

Figure 2 is a flow chart of a preferred method for electrical pharyngeal neuromuscular 
stimulation according to the present invention for promoting swallowing. 
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Figure 3 is a view of a portion a pharyngeal region of a patient illustrating several exemplary 
placements of a pair of electrodes according to the present invention. 

Figure 4 is a view of a portion a pharyngeal region of a patient illustrating several exemplary 
placements of a pair of electrodes according to the present invention. 

Figure 5 is an exploded view of a preferred embodiment of an electrode of the invention. 

Figure 6 is an illustration of a preferred waveform of an electrical pulse that is generated 
according to a preferred embodiment of the invention. 

Figure 7 is a diagram of a first embodiment of a first embodiment of an electrode array that may 
be used in connection with (or as a part of) the invention. 

Figure 7 A illustrates the placement of the electrode array of Figure 7 on the pharyngeal region of 
a human patient. 

Figure 7B illustrates the placement on the throat of a patient of a second embodiment of an 
electrode array that may be used in connection with (or as a part of) the invention. 

Figure 7C illustrates the placement of a third embodiment of an electrode array on the throat of a 
patient according to a preferred embodiment of the invention. 
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Figure 7D illustrates the placement of a fourth embodiment of an electrode array on the throat of 
a patient according to a preferred embodiment of the invention. 

Figure 7E illustrates the placement of a fifth embodiment of an electrode array on the throat of a 
patient according to a preferred embodiment of the invention. 

Figure 8 is a front view of a preferred adhesively backed tape overlay for use in securing 
electrodes to the skin of a patient according to the invention. 

Figure 9 is a side view of a preferred clip that forms a part of a preferred embodiment of the 
invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention will now be described in detail with reference to the accompanying 
drawings, which are provided as illustrative examples of preferred embodiments of the invention 
only and not for purposes of limiting the same. Figure 1 illustrates a preferred embodiment of an 
electrical neuromuscular stimulation apparatus or device 20 for use in providing neuromuscular 
electrical stimulation to the pharyngeal region of a patient in order to promote swallowing. As 
shown in Figure 1, neuromuscular electrical stimulation device 20 includes a pulse generator, or 
more preferably, first pulse generator 22 and second pulse generator 24. A single pulse 
generator or more than two pulse generators may also be provided in the neuromuscular 
electrical stimulation device of this invention. Each such pulse generator is adapted to generate a 
series of electrical pulses, wherein each such pulse comprises a biphasic symmetrical waveform 
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with an interval between the two phases. Preferably, each such pulse comprises a biphasic 
rectangular waveform having an interval between two phases of opposite polarity, such as is 
illustrated in Figure 6. 

Device 20 also includes one or more intensity control circuits for regulating the series of 
electrical pulses generated by each pulse generator such that the intensity of the electrical pulses 
does not exceed a predetermined value, such as for example, by regulating the series of electrical 
pulses so that the electrical current does not exceed 25 milliamps RMS. Preferably, an intensity 
control circuit is provided for each pulse generator. Thus, as shown in Figure 1, intensity control 
circuit 26 is associated with first pulse generator 22 and intensity control circuit 28 is associated 
with second pulse generator 24. An intensity control circuit may also be provided to insure that 
the power of the electrical pulses generated by each pulse generator does not exceed a 
predetermined value and/or to insure that the voltage of the electrical pulses generated by each 
pulse generator does not exceed a predetermined voltage. In a preferred embodiment, the 
intensity control circuits 26 and 28 limit the current, power and/or voltage values of the electrical 
pulses output by pulse generators 22 and 24 using conventional limiter circuits. The 
predetermined current, power and/or voltage values may vary in accordance with the patient's 
physical condition and tolerances and the treatments performed. For example, in treatment of 
oropharyngeal disorders, the current applied should be sufficient to produce the desired response 
and promote the swallowing reflex. Generally, the intensity of the current, power and/or voltage 
outputs is determined in order to produce the desired response while providing the greatest 
comfort to the patient and minimizing as much as possible the amount of pin-prick sensation felt 
by the patient. However, the intensity of the pulses that are applied should not be so great as to 
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pose any risk of laryngeal spasms or bradycardia in the patient. Good results have been obtained 
when pulse generators 22 and 24 are controlled by intensity control circuits 26 and 28 so as to 
generate a series of electrical pulses at a current of less than or equal to about 25 mA. The 
intensity of the current is typically begun at a level of about 0.5 mA and increased by small 
increments of preferably about 0.5 mA each until the swallow response or muscle fasciculation 
occurs. 

The intensity control circuit may also comprise a voltage controller that may be employed to 
regulate the voltage of the electrical pulses generated by each pulse generator so that such 
voltage does not exceed a predetermined value, such as for example, about 100 V. The intensity 
control circuit may also comprise a power controller that may be employed to regulate the power 
of the electrical pulses generated by each pulse generator so that such power does not exceed a 
predetermined value, such as for example, about 2500 mW. 

Preferred device 20 also includes a frequency controller for controlling the frequency at which 
the series of electrical pulses is generated by each pulse generator so that such pulses are 
generated at a predetermined frequency. Thus, as shown in Figure 1, frequency controller 30 is 
associated with pulse generator 22 and frequency controller 32 is associated with pulse generator 
24. The frequency controller modulates an electrical signal generated by the pulse generator at a 
predetermined frequency to produce the series of electrical pulses output by the pulse generator. 
The frequency controller may modulate the electrical signal at a fixed frequency, for example, 80 
Hertz. In the alternative, the frequency controller may vary the frequency of the electrical pulses 
within a predetermined range of frequencies, for example, a range of frequencies from 30 to 100 
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Hertz, or it may permit an operator to set the frequency at a specific frequency within a 
predetermined range. Other frequency ranges as are known to those having ordinary skill in the 
art to which the invention relates may also be used. Generally, the frequency of the electrical 
pulses is selected in order to provide the desired response along with the greatest comfort to the 
patient and to minimize as much as possible the amount of pin-prick sensation felt by the patient. 

Device 20 also includes a duration control circuit and an associated timer for controlling the 
duration (or pulse width) of each electrical pulse generated by a pulse generator. Thus, for 
example, duration control circuit 34 and timer 36 are associated with pulse generator 22 and 
duration control circuit 38 and timer 40 are associated with pulse generator 24. In a preferred 
embodiment of the invention, the pulse generator generates electrical pulses of a biphasic 
symmetrical waveform and the duration control circuit controls the total pulse duration of each 
such pulse to about 550 to about 850 microseconds, with an interphase interval of about 50 to 
about 150 microseconds. More preferably, as illustrated in Figure 6, the duration control circuit 
controls the duration of each electrical pulse so that each such pulse has a total pulse duration of 
about 700 microseconds, comprised of a first phase duration of about 300 microseconds, an 
interphase interval of about 100 microseconds and a second (opposite polarity) phase duration of 
about 300 microseconds. Referring again to Figure 1, the duration control circuits 34 and 38 
may be adjusted manually or automatically using conventional timing circuits, such as timer 36 
(for circuit 34) and timer 40 (for circuit 38). 

In a preferred embodiment, the timers may also be employed to selectively control the amount of 
time during which electrical pulses are applied. Thus for example, the timers may be employed 
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to apply electric pulses in each treatment cycle for a period within the range of 0.5 seconds to 30 
seconds. Other durations as are known to those having ordinary skill in the art to which the 
invention relates may also be used. In the alternative, the treatment cycle time may be left in the 
control of the operator, so that electric pulses may be continuously generated and delivered to the 
electrodes until a satisfactory contraction of the swallowing musculature is achieved or the 
sensory tolerance level is reached in the patient. The timers may also be employed to control the 
time between treatment cycles, as well as the treatment time for a particular treatment session, or 
the total duration of time during which the pulse generators generate cycles of electric pulses, 
including the delay time between such cycles. For example, the timers may be set to provide a 
delay between treatment cycles ranging from 0.1 seconds to 60.0 seconds, or other suitable delay 
times. The treatment time for a particular treatment session may be set at any suitable period, 
such as fifteen, thirty, or sixty minutes, or the treatment time control function may allow for 
manually controlled continuous treatment. As with all settings, the particular values are highly 
specific to the application and patient. Furthermore, the timers may also control the amount of 
time required to reach the maximum intensity in each treatment session, such as for example, the 
time during which the intensity of the current is increased, by increments of about 0.5 mA (or 
other suitable increment), from an initial level of about 0.5 mA (or other suitable level) to a final 
level of about 25 mA (or other suitable level). Similarly, the timers may also control the amount 
of time required to decrease from the maximum intensity to zero intensity (or other suitable 
level, if desired) at the end of each treatment session. 

In a preferred embodiment of the invention, a channel selector or switching network provides for 
activation of one or more electrodes or electrode arrays through which electrical pulses may be 
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provided to a patient, using conventional switching circuits. Thus, for example, a channel 
selector may provide for the simultaneous activation of two electrode pairs through two pairs of 
output jacks. In the embodiment illustrated in Figure 1, channel selector 42 may be employed to 
activate a first pair of jacks 44a and 44b and a second pair of jacks 44c and 44d. The electrical 
pulses from generator 22 may then be transmitted through channel selector 42, through jacks 44a 
and 44b to electrodes 50a and 50b through lead lines 46a and 46b respectively. Preferably, the 
current of the pulses transmitted through output jacks 44a and 44b may be regulated within the 
range of 0.5 to 25 milliamps in 0.5 milliamp increments. Similarly and independently, the 
current of the pulses generated by generator 24 may be transmitted through channel selector 42 
to electrodes 50c and 50d through lead lines 46c and 46d respectively. Preferably, the current of 
the pulses transmitted through output jack 44c and 44d may be regulated within the range of 0.5 
to 25 milliamps in 0.5 milliamp increments. It is contemplated within the scope of the invention 
that the current may be set at the same or different levels for output through the separate 
channels. 

As shown in Figure 1, preferred device 20 includes two electrode pairs 50a and 50b, and 50c and 
50d, although other electrode arrays may also be employed in connection with the invention. For 
human applications, the electrodes 50 are preferably snap electrodes having a construction such 
as is illustrated in Figure 5 (described in more detail hereinafter). Preferably, as shown in the 
drawings, the electrodes in each pair are of equal size, so that neither is considered to be 
dispersive of the charge or current transmitted therethrough. 
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At least one lead wire is provided for each electrode. Each such lead wire has an electrode 
connection end for connection to an electrode and an output jack end for connection to the pulse 
generator (or for connection to the pulse generator through a channel selector). These 
connection ends may be of conventional design or any design that is suitable for connecting an 
electrode to an output jack of or associated with the pulse generator, as would be appreciated by 
those having ordinary skill in the art to which the invention relates. Thus, as shown in Figure 1, 
lead wire 46a has an electrode connection end which is attached to electrode 50a and an output 
jack end that is attached to output jack 44a of channel selector 42. Similarly, lead wire 46b has 
an electrode connection end which is attached to electrode 50b and an output jack end that is 
attached to output jack 44b, and lead wire 46c has an electrode connection end which is attached 
to electrode 50c and an output jack end that is attached to output jack 44c, and lead wire 46d has 
an electrode connection end which is attached to electrode 50d and an output jack end that is 
attached to output jack 44d. Lead wires 46a, 46b, 46c and 46d may be made from any 
physiologically acceptable conductive metal, preferably insulated aluminum or copper wire. 
Multistrand wire is preferable to "wire wrap" type wire because multistrand wire is softer and 
less likely to break with repeated flexing. 

Preferred electrode 50 is illustrated in some detail in Figure 5. As shown therein, preferred 

i 

electrode 50 comprises a metal snap eyelet 52 having a first side 54 and a second side 56. The 
first side of each preferred snap eyelet is generally circular and has a diameter of about 7 mm. 
The second side has a stud connector 58 to which a lead wire may be attached. The preferred 
electrode also includes a generally circular conductive film 60 having a diameter within the 
range of 1 6 mm - 22 mm that is attached to the first side of the snap eyelet. Preferably, 
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conductive films at the lower end of this size range, or dime-sized films, are used in electrodes 
intended for application to children, whereas films at the upper end of the preferred range, or 
nickel-sized films, are used in electrodes intended for application to adults. As used herein, the 
term "conductive film" refers to a thin substrate that is electrically conductive. Preferably, the 
film is a carbon film having a thickness of about 0. 10 mm. However, other conductive substrates 
as are known to those having ordinary skill in the art to which the invention relates may also be 
employed. The preferred electrode also includes an adhesive and conductive gel layer 62, 
preferably of cross-linked hydrogel having a thickness of about 1 .0 mm, that is attached to the 
conductive film and adapted to be attached to the skin of the patient. For application of the 
electrodes to children, hi-tack versions of the adhesive gel layer are preferred because of the 
relatively small skin-contact area. A suitable hi-tack conductive gel adhesive known as RG-72 is 
available from the Promeon Company. The preferred electrode also includes a release liner 64 
that is attached to the gel layer to protect it prior to application to the skin of the patient. 
Preferably, the release liner is made of polyester or other suitable material having a thickness of 
about 0.125 mm. The electrode of the invention may also include a conductive bond tape layer 
66, having a hole for the stud, that is adapted to more securely attach eyelet 52 to conductive film 
60. An electrically-insulating layer 68 may also be provided to overlie the conductive bond tape 
layer, or if there is no such layer, the eyelet itself. The insulating layer will also include a hole 
through which the stud may protrude. Preferred results have been obtained when the maximum 
electrical impedance of the electrode is about 150 ohms. 

A preferred embodiment of the invention, such as is illustrated in the drawings, is sold under the 
trademark "VitalStim" by the Chattanooga Group Division of Encore Medical LP, which is 
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located in Chattanooga, Tennessee. The "VitalStim" device includes a pair of pulse generators, 
each of which is adapted to generate a series of electrical pulses for transmission to a patient 
through a channel selector and a pair of electrodes. The pulses generated by each of the pulse 
generators of the "VitalStim" device are biphasic symmetrical rectangular waveforms having a 
total pulse duration of about 700 microseconds which includes an interphase interval of about 
100 microseconds. 

As shown in Figures 3 and 4, in a two-electrode embodiment of the present invention, a pair of 
electrodes 202a and 202b may be positioned on the skin of the pharyngeal region 200 at 
approximately the position of the lesser horns of the hyoid bone 204 on either side of the 
pharyngeal region 200 and just above the body of the hyoid bone. In this arrangement, the 
electrodes overlie the muscles of the floor of the mouth. In an alternative two-electrode 
embodiment of the present invention, a pair of electrodes 208a and 208b may be positioned on 
the side of the pharyngeal region 200 on one side of the midline of the pharyngeal region 200. In 
this embodiment of the invention, electrode 208a is placed on the thyrohyoid membrane 210 at 
approximately the level of the lesser horn of the hyoid bone 204, so as to overly the sternohyoid 
muscle and the thyrohyoid muscle 214, and electrode 208b is placed on the cricoid cartilage 216 
to the side of the midline of the pharyngeal region 200, so as to overly the sternothyroid muscle 
21 7 and the sternohyoid muscle on one side of the midline of the pharyngeal region. In yet 
another embodiment of the present invention, a pair of electrodes 220a and 220b may be 
positioned on the skin of the pharyngeal region 200 on the thyrohyoid membrane 210 on either 
side of the midline of the pharyngeal region 200. In this arrangement, these electrodes overlie 
the thyrohyoid muscle 214 and the sternohyoid muscle 218. In another embodiment of the 
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present invention, a pair of electrodes 222a and 222b may be positioned on the skin of the 
pharyngeal region 200 on either side of the midline of the pharyngeal region 200 proximately 
midway between the thyroid notch 224 and the cricoid cartilage 216. In this arrangement, these 
electrodes overlie the sternohyoid muscle 218 and the transition zone between the sternothyroid 
muscle and the thyrohyoid muscle on either side of the midline of the pharyngeal region 200. 

In an additional embodiment of the present invention, a pair of electrodes 226a and 226b may be 
positioned on the skin of the pharyngeal region 200 on one side of the midline of the pharyngeal 
region 200. In this embodiment, one electrode 226a is placed just lateral to the lesser horn of the 
hyoid bone 204 proximately midway between the hyoid bone 204 and the lower border of the 
mandible (not shown), so as to overly the mylohyoid muscle 228 and the digastric muscle 230. 
In this embodiment, the other electrode 226b is placed proximate to the upper end of the 
thyrohyoid membrane 210 and proximate to the hyoid bone 204 or on the hyoid bone 204 
proximately at the level of the lesser horn of the hyoid bone 204, so as to overly the sternohyoid 
muscle 218 and the thyrohyoid muscle. In yet another embodiment of the present invention 
(Figure 4), a pair of electrodes 232a and 232b may be positioned on the skin of the pharyngeal 
region 200 to the side of the midline of the pharyngeal region 200. In this arrangement, one 
electrode 232a is placed on the midline of the pharyngeal region near the chin (not shown), and 
the other electrode 232b is placed laterally to the other electrode. These electrodes overlie the 
mylohyoid muscle 228 and the digastric muscle 230 in the midline and to one side of the midline 
of the pharyngeal region 200. In general, the placement and sizes of the electrodes are selected 
in accordance with the present invention so as to avoid the carotid body and to insure the safety 
of the patient. 
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An embodiment of an electrode array that is suitable for use in conjunction with electrical 
stimulation device 20 for treatment of oropharyngeal disorders is illustrated in Figure 7. Each 
electrode in array 607 stimulates one or more pharyngeal muscles with electrical stimulation 
provided by a pulse generator of device 20. The arrangement of electrodes and connecting wires 
shown in Figure 7 is provided as an example and is not intended to limit the scope of the present 
invention. Also, multiple electrodes, including square arrays of four, sixteen, twenty-five, or 
thirty-six electrodes or more, or vertically arranged pairs of two or four electrodes may be used. 
As the number of electrodes increases, the surface area treated by the electrode array may be 
increased and/or the electrodes may be more closely positioned. As shown in Figure 7, array 607 
preferably comprises four electrodes 701, 702, 703 and 704, which are positioned on the tissue of 
the pharyngeal region of a patient using adhesive bands 705 and 706 as illustrated in Figure 7A, 
or more preferably, with a pair of adhesively backed tape overlays such as are illustrated in 
Figure 8 (and described hereinafter in more detail). The adhesive bands illustrated in Figures 7 
and 7A for attachment of each pair of electrodes in array 607 to the patient may have a width of 
approximately eight centimeters, shown as distance "A" in Figure 7. Contact pads 707 and 708 
having a width of approximately eight and a half centimeters (shown as distance "B" in Figure 7) 
are also provided. In the embodiment of the invention illustrated in Figures 7 and 7A, the 
electrodes are preferably arranged in two vertical pairs, each pair on one lateral side (e.g., the 
right hand or left hand side) of the pharyngeal region of the patient, with one electrode 
positioned above the patient's Adams Apple and the other below the Adams Apple of the patient. 
The first pair of electrodes, 701 and 703, is positioned on the patient's left side (the right side of 
Figures 7 and 7A). The second pair of electrodes, 702 and 704, is positioned in the same 
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arrangement on the opposite side of the patient's pharyngeal region. Each pair of electrodes may 
preferably be positioned such that the distance between the centers of the electrodes in each pair, 
shown as distance "X" in Figure 7, may be approximately three to four centimeters or other 
spacing as required to position the electrodes on the pharyngeal region of the patient as described 
above. The electrodes of each pair may preferably be spaced at a distance, shown as distance 
"Y" in Figure 7, of approximately two and a half centimeters or other spacing as required to 
position the electrodes on the pharyngeal region of the patient as described above. In the two- 
pair electrode arrangement described above, the two electrodes 701 and 703 that are positioned 
on one lateral side (e.g., right or left side) of the patient's pharyngeal region are coupled to a first 
output channel of the device 20, and the two electrodes 702 and 704 that are positioned on the 
other lateral side of the patient's pharyngeal region are coupled to a second output channel of the 
device. In the embodiment of Figures 7 and 7 A, electrodes 701, 703, 702 and 704 of electrode 
array 607 may each be independently coupled to an output jack (44a, 44b, 44c and 44d, 
respectively) of channel selector 42 by lead wires 710, 71 1, 712, and 713 respectively. As a 
result, each electrode pair independently receives one or more series of electrical pulses 
generated by one of pulse generators 22 or 24. It is also contemplated that each electrode (rather 
than each electrode pair) in this arrangement of electrodes may independently receive one or 
more series of electrical pulses generated by a pulse generator. 

Another arrangement of electrodes, in two horizontal pairs, is illustrated in Figure 7B. As shown 
therein, a first pair of electrodes 714 and 716 are placed horizontally immediately above the 
thyroid notch. A second pair of electrodes 718 and 720 are placed horizontally below the notch. 
Preferably, the first pair of electrodes of this array is independently coupled, through a pair of 
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output jacks, (not shown in Figure 7B) to channel selector 42 of device 20 (shown in Figure 1) 
by lead wire 722, comprised of a pair of electrode connection ends 722a and 722b and a pair of 
output jack ends (not shown). In similar fashion, the second pair of electrodes of this array is 
preferably independently coupled, through a pair of output jacks, (not shown in Figure 7B) to 
channel selector 42 of device 20 by lead wire 724, comprised of a pair of electrode connection 
ends 724a and 724b and a pair of output jack ends (not shown). As a result, each of these pairs 
of electrodes independently receives one or more series of electrical pulses generated by one of 
the pulse generators of device 20. It is also contemplated that each electrode (rather than each 
electrode pair) of this arrangement of electrodes may independently receive one or more series of 
electrical pulses generated by a pulse generator. As shown in Figure 7B, lead wires 722 and 724 
may be mechanically joined together for ease in handling at junction 725. 

In this embodiment of the invention, a pair of adhesively backed tape overlays 726 are provided 
to secure the electrodes to the skin of the patient. Tape overlay 726 (also shown in Figures 7C, 
7D, 7E and 8) is preferably provided with a shape that will allow it to conform closely to the skin 
of the patient's neck in either the horizontal orientation shown in Figures 7B and 7C or the 
vertical orientation shown in Figures 7D and 7E. Tape overlay 726 is also preferably provided 
with an outer surface that does not absorb moisture and a centrally located slot 728 that may be 
aligned over the connectors of the snap eyelets for the preferred electrodes (shown in Figure 5). 
This slot permits the electrodes to be placed on the skin of the patient's neck and secured with the 
tape overlay before connection the lead wires to the electrodes. The arrangement of electrodes 
illustrated in Figure 7B is suitable for most laryngeal and pharyngeal motor defects. A similar 
arrangement (not shown) in which the first pair of electrodes 714 and 716 are placed slightly 
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higher on the throat may be employed if it is desired to stimulate the tongue and upper 
pharyngeal muscles to promote swallowing. 

Another arrangement of electrodes, in a single horizontally disposed pair, is illustrated in Figure 
7C. This arrangement is also suitable for treatment of most laryngeal and pharyngeal motor 
defects. As shown in Figure 7C, electrodes 730 and 732 are placed horizontally immediately 
above the thyroid notch. This pair of electrodes is preferably independently coupled, through a 
pair of output jacks, (not shown in Figure 7C) to channel selector 42 of device 20 by lead wire 
734, comprised of a pair of electrode connection ends 734a and 734b and a pair of output jack 
ends (not shown). As a result, this pair of electrodes independently receives one or more series 
of electrical pulses generated by one of the pulse generators of device 20. It is also contemplated 
that each electrode (rather than each electrode pair) in this arrangement of electrodes may 
independently receive one or more series of electrical pulses generated by a pulse generator. 
Also as shown in Figure 7C, an adhesively backed tape overlay 726 having a central slot 728 is 
provided to secure the electrodes to the skin of the patient. 

Figure 7D illustrates another arrangement of electrodes that is suitable for treatment of most 
laryngeal and pharyngeal motor defects. As shown therein, electrodes 736 and 738 are both 
placed above the thyroid notch in a vertical arrangement, generally on the centerline of the 
throat. This pair of electrodes is preferably independently coupled, through a pair of output 
jacks, (not shown in Figure 7D) to channel selector 42 of device 20 by lead wire 740, comprised 
of a pair of electrode connection ends 740a and 740b and a pair of output jack ends (not shown). 
As a result, this pair of electrodes independently receives one or more series of electrical pulses 
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generated by one of the pulse generators of device 20. It is also contemplated that each electrode 
(rather than each electrode pair) of this arrangement of electrodes may independently receive one 
or more series of electrical pulses generated by a pulse generator. Also as shown in Figure 7D, 
an adhesively backed tape overlay 726 having a central slot 728 is provided to secure the 
electrodes to the skin of the patient. 

Figure 7E illustrates another arrangement of electrodes, in two pairs of vertically disposed 
electrodes. This arrangement is suitable for treatment of most laryngeal and pharyngeal motor 
defects and preferred for treatment of many such defects. In this arrangement, the four 
electrodes are positioned in a vertical row directly adjacent to one another, but not overlapping, 
starting with a first uppermost electrode being positioned on the patient's digastric muscles, 
covering the hyoid and the strap muscles of the patient's larynx, and ending with a fourth 
lowermost electrode being positioned at the base of the patient's thyroid cartilage. As shown in 
Figure 7E, a first pair of electrodes 742 and 744 are placed vertically above the thyroid notch and 
generally along the centerline of the patient's throat. A second pair of electrodes 746 and 748 are 
placed vertically below the notch and generally along the same centerline as the first pair. The 
first pair of electrodes of this array is preferably independently coupled through a pair of output 
jacks, (not shown in Figure 7D) to channel selector 42 of device 20 by lead wire 750, comprised 
of a pair of electrode connection ends 750a and 750b and a pair of output jack ends (not shown). 
The second pair of electrodes of this array is preferably independently coupled through a pair of 
output jacks, (not shown in Figure 7D) to channel selector 42 of device 20 by lead wire 752, 
comprised of a pair of electrode connection ends 752a and 752b and a pair of output jack ends 
(not shown). As a result, each of these pairs of electrodes independently receives one or more 
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series of electrical pulses generated by one of the pulse generators of device 20, although it is 
also contemplated that each electrode (rather than each electrode pair) in this arrangement may 
independently receive one or more series of electrical pulses generated by a pulse generator. The 
two upper electrodes 742 and 744 may be coupled to a first output channel of the channel 
selector 42, and the two lower electrodes 746 and 748 may be coupled to a second output 
channel of the channel selector. As shown in Figure 7D, an adhesively backed tape overlay 726 
is provided to secure the electrodes to the skin of the patient. In addition, lead wires 750 and 752 
may be mechanically joined together for ease in handling, and clipped to patient's shirt 754 using 
preferred clip 756. 

As shown in more detail in Figure 9, clip 756 is comprised of first clip portion 758 and second 
clip portion 760. The first clip portion has an integral ring 762 in which pin 764 of the second 
clip portion may rotate. Spring 766 is provided between the clip portions to keep the clip 
"closed", yet allow it to be easily opened. A lead wire slot 768 is provided in clip portion 760 to 
retain the lead wire so that it may be clipped to an item of the clothing of the patient and thereby 
retained securely in place. 

The electrode arrangements of Figures 7A-7E are provided as examples of electrode placement 
and are not intended to limit the number and arrangement of electrodes for use in practicing the 
present invention. The electrodes are selectively placed in any suitable site within the 
pharyngeal region 200 of the patient as shown in Figures 3 and 4. The placement of the 
electrodes in the pharyngeal region of the patient is based on several factors, such as the extent 
and type of oropharyngeal disorder exhibited by the patient and, given the extent and type of 
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oropharyngeal disorder exhibited, those locations within the pharyngeal region, that when 
subjected to electrical stimulus, have the possibility of eliciting the strongest and most complete 
swallow. An evaluation for swallowing ability is done on the patient to determine the extent and 
type of oropharyngeal disorder. The critical elements in the evaluation are analysis by video 
fluoroscopy and clinical evaluation to determine the presence of a gag reflex, a dry swallow, and 
ability to tolerate one's own secretions. The placement of the electrodes may be changed several 
times in an effort to obtain the strongest and most effective treatment. 

A preferred method for neuromuscular electrical stimulation of the pharyngeal region according 
to the invention, using an apparatus similar to that shown in Figure 1, will now be described with 
reference to Figure 2. At step 100 (Start Procedure), the procedure for treating oropharyngeal 
disorders with neuromuscular electrical stimulation is initiated. Next, at step 102 (Apply 
Electrodes to Patient), electrodes are applied to the pharyngeal area of a patient, as described 
hereinabove. At step 104 (Set Pulse Intensity), the desired intensity of the electrical pulses is set, 
preferably at a current level of less than or equal to about 25 mA. Similarly, at step 106 (Set 
Pulse Duration), the duration of each pulse is set, so that each such pulse has a total pulse 
duration preferably within the range of about 550 to about 850 microseconds, with an interphase 
interval of about 50 to about 150 microseconds. Alternatively, the pulse duration may be fixed at 
a particular duration, such as is employed in the VitalStim device, for example, at a total pulse 
duration of about 700 microseconds, comprised of a first phase of about 300 microseconds, an 
interphase interval of about 100 microseconds, and a second phase of about 300 microseconds. 
At step 106, the interval between pulses may also be set, as well as the rate at which the intensity 
of the electrical pulses is raised from an initial level to a final treatment level during a treatment 
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session. Finally, at step 108 (Determine Treatment Duration), a determination of the time of a 
treatment period (or the period during which electrical pulses are applied in one treatment 
session) is made. At step 1 10 (Apply Waveform), a series of electrical pulses, each of which 
comprises a biphasic symmetrical waveform with an interval between the two phases, is 
provided to the patient. Next, at step 1 12 (Is Treatment Period Complete?), a determination is 
made as to whether a treatment session is complete in accordance with the pre-selected treatment 
period duration. If the treatment period is complete, the next step in the preferred method is step 
1 14 (Are There Further Treatment Periods?). It may be the case that two or more treatment 
sessions or periods have been set, with a predetermined rest interval in between the two periods. 
If at step 1 12, the determination is made that the treatment period has not been completed, or if at 
step 1 14, additional treatment periods have been set, the sequence progresses to step 116 ("Wait 
Set Duration"). After the set duration for any rest interval has elapsed, the sequence returns to 
step 1 10, whereupon electrical pulses will again be applied to the patient. If at step 1 12, the 
determination is made that the treatment period has been completed, and if no further treatments 
have been set, the final step in the preferred method is step 118 ("End Procedure"). 

The method and apparatus for neuromuscular electrical stimulation of the present invention 
provides an effective and non-invasive treatment for oropharyngeal disorders such as dysphagia. 
The method and apparatus for neuromuscular electrical stimulation is more effective for treating 
oropharyngeal disorders than traditional treatment methods, such as thermal stimulation-induced 
exercise rehabilitation. Further, the method and apparatus of the present invention is effective 
for treating worst-case dysphagia resulting from neurodegeneration and strokes. 
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Although this description contains many specifics, these should not be construed as limiting the 
scope of the invention but as merely providing illustrations of some of the presently preferred 
embodiments thereof, as well as the best mode contemplated by the inventor of carrying out the 
invention. The invention, as described herein, is susceptible to various modifications and 
adaptations, and the same are intended to be comprehended within the meaning and range of 
equivalents of the appended claims. 

What is claimed is: 
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